In this work, we analyze three -dimensionally, by the finite element method, the performance of the repair of aeronautical structures damaged by cracking and repaired by patch of composite materials. The effect of crack-crack interaction according to their position and interdistance was analyzed. The criterion of rupture retained for this study is the factor of intensity of constraints. We show that this factor increases considerably and reaches a critical threshold when the two cracks develop towards each other. The repair of such damage using a composite patch ensures the stability of this structure during the commissioning process. The sharp fall in the stress intensity factor is characteristic of this stability.
INTRODUCTION
echniques for repairing and reinforcing damaged structures by bonding composite patches are increasingly used in industry, with the aim of delaying the appearance or propagation of fatigue cracks. In this technique, a composite patch is assembled to the damaged part with an adhesive, the aim of which is to transmit the maximum of stresses of the plate to the patch through the adhesive in order to reduce them to the Tip of the crack. The notches are the main cause of the initiation of the crack and thus the repair with composite patches can play an important role, on the other hand, in reducing the stress concentration at the tip of the crack, And on the other hand of the reduction of the intensity of the stresses at the crack tip. Therefore, the bonding assembly has several advantages, the possibility of assembling different materials, weight reduction, high stiffness, good fatigue strength, shock reduction and ease of bring together the most complex shapes. This technique has been extensively studied, where the stress intensity factor is considered an important factor in estimating the residual lifetime of cracked structures. In order to improve this technique, several experimental, numerical and even analytical studies have been devoted to the study of this behavior. The work was launched, in 1984, by Baker at the Australian Research Laboratory ARL. [1, 2] . Analytically, several works have been devoted to understanding this class of problems represent the effect of the patch on the crack tip stress intensity factor such as, Mitchell and al. [3] , Jones and Callinan [4] , Rose [5 -7] , Young and al. [8, 9] , Rooke and al [10] , Ramesh Chandra and al., [11] Liu and Fan [12] , Arendt and Sun [13] . Numerically, several authors have shown that the stress intensity factor depends on several parameters, the size and position of the crack, the patch and adhesive dimensions, the T mechanical properties of the patch, the adhesive and of the structure itself, and have shown that, after repair, the stress intensity factor exhibits asymptotic behavior when the length of the crack increases as Fekirini and al. [14] , Belhouari and al. [15] et Bachir Bouiadjra [16] Which also showed that an adhesive with a high shear modulus gives a low stress intensity factor at the end of the repaired cracks. Therefore, they recommend the use of these types of adhesives to increase the performance of the repair. However, the higher the adhesive shear modulus leads to higher adhesive stresses, which increases the risk of adhesive failure. They also analyzed the thickness importance of the adhesive and concluded that the adhesive properties should be optimized to improve repair performance and avoid adhesive breaking. Ouinas and al. [17] made a comparison between the boron / epoxy patch and the graphite / epoxy patch for repairing aircraft structures. They indicated that the reduction of the stress intensity factor at the crack tip is more important for the boron / epoxy patch. Ouinas and al. [18, 19] , Mhamdia and al. [20] they analyzed the effect of the shape of the composite patch on the repair of aircraft structures. These authors analysed the performance of the repair is related to the patch shape, where they showed that the effectiveness of the rectangular shape of the plate can be greatly improved if this shape is modified in "H" or arrow shapes. The latter shape reduces: the stress intensity factor at the tip of the crack, the mass of the composite patch and therefore the repair cost, the adhesive stresses what improves the durability of the repair. The repair of doubly cracked structures is the objective of this study, where the interconnection of these cracks leads to the ruin of the structure. Thus, the presence of a crack in the vicinity close to another leads to an increase in the probability of instability of these cracks by an intensification of the FIC. The subcritical size of this narrow crack is about 3 times when the cracks are close to each other. Such a fissure arrangement can be fatal to the structures, thus leading to their break. In order to delay this interconnection during commissioning and consequently to improve the service life. The latter is analyzed in terms of stress intensity factor, which depends on the stress applied, the size of the cracks, and their interdistance. 
GEOMETRICAL AND FE MODELS
he geometric model of the 2024 T3 aluminum alloy plate cracked repaired by boron-epoxy composite patch is shown in Fig. 1 . The plate is characterized by its height H p = 254 mm, its width W p = 254 mm and its thickness e p = 3 mm. The patch of dimensions H r = 75 mm, W r = 160 mm, e r = 3 mm is bonded to the plate by an adhesive type FM73 of thickness ea = 0.26 mm. The unrepaired and repaired cracked plate is subjected to uniaxial tension efforts of varying amplitude. The mechanical properties of the plate, the patch and the adhesive are shown in Tab. 1. The complete structure was modeled by cubic elements (hexahedrons) at eight nodes for the analysis of the stress intensity factor (Fig. 2a, Fig. 2b, Fig. 2c ). The rectangular shape of the composite patch is identifiable in this figure, a regular mesh is made for the whole structure, this mesh remains the same throughout the calculation. The crack results in a geometric singularity causing a concentration of stress. Therefore, a refined mesh is made around the crack. The total number of elements of the structure containing: -A central crack of size "a" (Fig. 1a) is equal to 22716. -Two central and parallel cracks, distant from '' dx '' (Fig. 1b) is equal to 26160. -Two central and parallel cracks distant from dx '' and '' dy '' (Fig. 1c) is equal to 51960. 
RESULTS AND DISCUSSION

A central crack of size "a" -Effect of loading
three-dimensional numerical analysis by the finite element method of the breaking mechanical behavior of an aluminum plate Al 2024 T3 containing a central crack of size "a" initiated perpendicular to the direction of stresses and subjected to uniaxial tensile load. The criterion of rupture selected for this study is the factor of stress intensity in mode of opening (mode I). The results thus obtained are represented in Fig. 3a The area of the plate initially damaged by cracking is repaired by patch of composite material and then tested in uniaxial tension. In Fig. 3b are shown the results obtained from this analysis. This figure clearly shows that the repair begets a large reduction (about ten times) in the stress intensity factor. The variation of this rupture criterion with the size of the crack is an asymptotic variation. Such behavior shows that the crack propagation kinetics are greatly reduced, thus resulting in crack stability. The durability of such a structure is therefore considerably increased, and this for large size defects subjected to heavy loading.
Crack-crack interaction -Two central and parallel cracks
In this part of the work, we analyze the rupture behavior of an Al 2024T3 plate containing two cracks aligned on the same axis perpendicular to that of the mechanical stresses. This structure is tested in uniaxial tension (Fig. 1b) . The Fig. 4a illustrates the variation in the stress intensity factor in the opening mode in heads of the first unrepaired crack (Fig. 1b) as a function of the distance separating it from the second. This figure shows that a growth of the latter towards the first 
greatly increases the mechanical energy in crack heads. The stress intensity factor doubles practically in intensity when the two cracks are located in the vicinity close to each other. There is thus an interdistance between these two defects beyond which this criterion of rupture increases very strongly. This increase is all the more important as the plate more strongly Mechanically solicited. The increase of this rupture criterion is explained by the simultaneous interaction of the stress fields in the heads of these two cracks. The increase of this rupture criterion is explained by the simultaneous interaction of the stress fields in the heads of these two cracks. This shows that a development from one fissure to another causes their instability and favors their coalescence. The interaction effect tends to disappear when these two defects are located far from one another. This structure, containing two cracks, is repaired using a patch made of composite material (Fig. 2b) of the same size as that used for the repair of a crack and then subjected to traction. The variation of the stress intensity factor in mode I in the tip of the first repaired crack as a function of the distance with respect to the second crack is illustrated in Fig. 4b . The repair leads to a considerable fall of this criterion of rupture. A large part of the mechanical energy concentrated in crack tips is absorbed by the patch through the adhesive. This leads to the stability of these two cracks and therefore to their non-coalescence, thus leading to an increase in the duration of such a structure. For an illustration of the effect of the repair we have shown in the Fig. 5 is the variation of the stress intensity factor in the opening mode in heads of the first crack as a function of the distance separating it from the second initiated crack In a non-repaired and repaired plate. This figure shows that the adhesion of a composite patch to the damaged part by cracking of the plate, as a repair technique, leads to a very great reduction in this rupture criterion, approximately eight times smaller than that resulting from cracks not repaired. Beyond a certain distance between these two cracks the stress intensity factor varies very little with the reduction with this distance. The effect of the size of the first crack on the localized stress intensity factor at a distance "dx" from the second crack is illustrated in Fig. 6a . We note that a development of this defect leads to an increase in mechanical energy in crack tips and that this energy is all the more significant as this crack approaches the second. The stress intensity factor is closely related not only to the size of the crack, is propagating but also to the distance separating it from the second crack. The interaction of the stress fields in points of the two cracks leads to an increase in the stress intensity factor. The variation of this factor resulting from such a plate containing two repaired cracks, as a function of the size of the first crack and its distance from the second defect, is shown in Fig. 6b . The latter shows that repair has considerably reduced this factor. A very high proportion of stresses in crack tips is transferred from the damaged plate to the composite patch through the adhesive, thus causing the stability of these two defects and consequently the increase in the duration of these structures. The effect of the size of the second crack on the stress intensity factor in the heads of the first crack initiated in an unrepaired plate is shown in Fig. 7a . The latter shows that a development of the second crack towards the first favors its instability characterized by an increase of this criterion of rupture. Indeed, the field of stresses in points of the first crack is all the more important as the second crack propagates in the direction of the first. The level of these constraints increases considerably when the second tends towards the first. This behavior favors their coalescence. The Fig. 7b shows the variation in the stress intensity factor resulting from the same structure but repaired. The analysis of this figure shows the beneficial effect of the repair. The stress intensity factor in points of the first crack fell sharply, regardless of the size of the second crack. Under the effect of the repair, the zone of strong of stresses interaction was strongly relaxed. This clearly shows that the repair technique considerably reduces the risk of coalescence of cracks resulting from the mechanism of interaction between stress fields in crack heads. The effect of the simultaneous propagation of the two unrepaired cracks on the stress intensity factor in spikes of the first crack is illustrated in Fig. 8a . We note, however, that the risk of instability of the first crack is all the higher as the second propagates in its direction and these two defects develop simultaneously towards each other. The stress intensity factor resulting from the first crack increases with the growth of these two cracks. Such behavior promotes their coalescence by interaction effect. A patch repair of such a structure leads to a strong of stresses relaxation in crack tips characterized by a low stress intensity factor irrespective of the size of these two defects (Fig. 8b) . 
Two central and parallel cracks distant from dx '' and '' dy ''
The Fig. 9 shows that the mode I stress intensity factor at the point of the mobile crack decreases as it tends to approach the immovable defect. The interaction effect disappears when these defects tend to coalesce. Such an arrangement of these two cracks are dangerous as when they are parallel and opposite. In this case these two defects behave one Only one. The repair by composite patch of this plate containing such cracks results in a marked improvement in its durability by a strong reduction of this breaking criterion as shown in Fig. 9 . In this part of the work, the stress intensity factor in heads of the first crack is analyzed as a function of the two distances (horizontal and vertical denoted dx and dy respectively) separating it to a second crack. The results thus obtained are illustrated in FIG. 10a . We note that a strong reduction of these two geometric parameters leads to a sudden increase of this criterion of rupture. Such a localization favors their instability by intensifying the mechanical energy in crack tips. This strong interaction of the energies leads to the coalescence of these two defects and therefore to the sudden rupture of the plate. The repair of such a structure results in a clear decrease in the stress intensity factor (Fig. 10b) . The shear stresses in the adhesive are relatively low as shown in Fig. 11 . This figure clearly illustrates that the transfer of stress resulting from the interaction effect between two cracks, from the plate to the patch, is done Easy way. The transfer is explained by low values of the greatest tangential stresses in the adhesive layer. Even the strongest interactions between the two cracks, defined here by d = 1 mm (Fig. 1) , induce relatively high shear stresses in the glue. It is clear that the refraction of such cracks (interaction of two cracks), initially highly unstable, (FIC in mode I) high disadvantaged their coalescence and ensures their stability. The stresses generated for such a location in the adhesive are relatively and do not present any risk of damage to the adhesive by cohesive or adhesive rupture. The stress relaxation in the near vicinity of interacting cracking fronts (low Mode I FIC) and tangential stresses in the adhesive layer promotes performance, reliability and durability of the repair.
CONCLUSION
he results obtained in this work lead to the conclusion that: -The stress intensity factor depends not only on the stress applied, on the size of the cracks, initiated along the transverse axis of the plate but also on their interdistance. It is the horizontal distances "dx" and vertical "dy" that separate these cracks which determine the value of the stress intensity factor. Simultaneous reduction of these two geometric parameters leads to a strong increase in the stress intensity factor reaching the critical breaking threshold -The repair with composite patch of such a structure leads to a very great reduction in the stress intensity factor. The cracks initially highly unstable, characterized by a steep slope at the curve K I = f (d), see their kinetics of propagation greatly delayed. These defects do not have enough energy to propagate.
-The stress intensity factor resulting from a crack, distant from "dx" of another crack, increases with the mutual increase of these cracks. It reaches its maximum value when, during their growth, these two defects propagate towards each other.
To the repair of such cracks results in a highly reduced stress intensity factor. This leads to a slowing down of the coalescence phenomenon of these two cracks; -The stress relaxation in the near vicinity of interacting cracking fronts (low Mode I FIC) and tangential stresses in the adhesive layer promotes performance, reliability and durability of the repair.
